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of detailed information. There are two major ways in which this problem is apparent. The fetus may possess pathways which are not found in adult tissues, or the absense of or presence of low enzyme activities at a key-point in a pathway may change the function of that pathway or those associated with it. A good example of the former (Jones, 1980a ) is the presence of the enzymes of the glyoxylate cycle in the fetal liver (Table I) , a pathway thought not to occur in adult mammalian tissues. The function of this pathway, which disappears just after birth, is not entirely clear in the fetus. However, the susceptibility of the fetus to hypoglycaemia, the demands that the fetus makes on the pregnant mother to supply glucose and the ready availability of fatty acids in many species (Bassett & Madill, 1974 Meschia, 1982) suggests that the glyoxylate cycle could be used in the fetal liver to convert fatty acids into hexose. In the fetal guinea-pig liver, small rates of incorporation of [ ''C]palmitate into glycogen have been detected (Table 2) . Although these are low, they are likely to be significant as the endogenous pool of fatty acids is high (Jones, 1976a) . Moreover, inhibition of fatty acid entry into the mitochondrion causes a marked fall in hepatic intermediates of the Krebs cycle and glycolysis and of flux into the hexose monophosphate pool (Jones, 1980a) . Thus, in the fetal liver, fatty acids could represent an important anabolic fuel (Jones, I 98 I). An example of the way in which altered enzyme activities change the essential function of a pathway and the control thereof is provided by an analysis of the pathways of gluconeogenesis and glycogen synthesis in the fetal liver. Although there have been suggestions for a role of the gluconeogenic pathway in fetal glucose production, none have been convincing (Prior & Christenson, 1977; Warnes et al. 1977; Battaglia & Meschia, 1978; Hodgson et al. 1980; Jones, 1982) . Moreover, the low activity of the glucose-bphosphatase (EC 3.1.3.9) system (Jones & Rolph, 1981) would make such a role a quantitatively minor one. However, quite modest activities of most of the gluconeogenic enzymes have been detected in the fetal liver of a variety of species (Girard & Ferre, 1982; Jones, 1982) . The function of VOl. 43 Jones, 1982) . The basis for this interpretation can be understood by studying the responses of the perfused fetal rabbit liver to a physiological glucagon concentration (Table 3) . However, constancy of glycogen pool size after perfusion with glucagon coincides with an increase in glucose incorporation into glycogen and a much increased glucose output (Table 3 ). The increased glucose output is much greater than the capacity of the fetal liver to synthesize glucose de novo (Jones et al. 1980b ). Thus the absence of a change in liver glycogen concentration occurs at a time when there can be simultaneously high rates of glycogen synthesis and breakdown (Tables 3 and 4). This is no longer true after birth, when a very large increase in glucose-6-phosphatase activity Ballard 8z Oliver, 1965; Dawkins, 1966; Jones & Ashton, 1976) allows the gluconeogenic flux to be siphoned-off to extracellular glucose (Jones et al. 1980b) . Table 4 illustrates one of the further caveats in drawing simple conclusions about developing systems. It shows that in a hormone-activated system there may be a poor relationship between receptor number and physiological response, and signal transduction system, in this case adenylate cyclase (EC 4.6.1.1) and CAMP.
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Thus model systems for nutrition research on the fetus must not only be selected carefully but investigated extensively before reliable conclusions can be drawn. (Faulkner & Jones, 1976) . However, just as in the adult, high-carbohydrate regimens for the fetus are associated with enhanced deposition of fat and induction of the enzymes of fatty acid synthesis (Susa et al.
1979; Jones et al. 1980~).
The responses of the fetus nutritionally deprived because of reduced uterine blood flow are strikingly different from those outlined previously although, as in '978). (Table 5 ) and in many instances enzyme development is delayed substantially (Lafeber et al. 1979; Rolph & Jones, 1982) . Some responses, however, remain well developed and surprisingly, in contrast to the effects of starvation, hepatic glycogen deposition can be maintained or enhanced (Lafeber et al. 1979) . Such undernourished fetuses have a substantially-reduced capacity for anabolic pathways such as fatty acid synthesis, whilst in maternal starvation these pathways may be well sustained (Lafeber et al. 1979) . Also some of the catabolic pathways such as that for amino acid oxidation are much more poorly developed than normal. Although the endocrine responses observed in these two models are in someways different they do not appear sufficiently diverse, except for the plasma thyroxine (T,) and prolactin changes, to account easily for the major dissimilarities in biochemical responses.
The results of surgical reduction in litter size are interesting as increased fetal growth rate and presumably consumption of substrates, particularly glucose, occur (Van Marthens et al, 1972; Fletcher et al. 1982) . Unfortunately little detailed biochemical information is yet available on the responses to this condition but hyperinsulinaemia may be a major stimulus to growth.
In the fetus, therefore, the biochemical responses to altered nutrition appear to be dominated by two considerations : the preprogrammed sequence of enzyme induction (Jones, 1982) and the requirement of the fetus for high rates of growth. Another important aspect of the fetal responses to nutritional changes is the interaction between the fetus and placenta. A detailed analysis is beyond the scope of this article but a number of important aspects of this interaction should be mentioned. The placenta, through its own metabolism, actively produces substrates such as lactate and amino acids for the fetus (Battaglia & Meschia, 1978; Meschia, 1982) . Also, when substrate supply to the feto-placental unit is compromized, consumption by the placenta of glucose, for instance, appears to be maintained at the expense of the fetus (C. T. Jones, unpublished work) .
Fetal nutrition and endocrine state
The fetus is characterized by high plasma growth hormone concentrations and low levels of T, and particularly 3,5,3'-triiodothyronine . The concentration of most of the remainder of the 'conventional' plasma hormones are not substantially different in adult life. There is considerable fetal autonomy of hormone secretion; thus fetal hypoglycaemia reduces insulin secretion and stimulates adrenaline, glucagon, ACTH and cortisol production (Bassett & Madill, 1974; Jones, 19763 . 1980b) . Thus, superficially, the endocrine control of substrate utilization in the fetus has many of the characteristics of that of the adult. However, the relationship for the fetuses is not as clear-cut as supposed since in the fetal sheep, under some circumstances, hypoglycaemia and hypoinsulinaemia are associated with enhanced rather than reduced glucose consumption (Harding et al. 1984) . Destruction of the fetal pancreas is probably associated with a reduction in fetal growth and hence peripheral glucose consumption (Felix & Jaquot, 1976; Hill, 1976) , whilst prolonged insulin infusion has the converse effect (Picon, 1967; Susa et al. 1979) .
Maternal starvation leads to more or less the expected changes (Bassett & Madill, 1974; Jones, 19763; Girard et al. 1977; Mellor et al. 1977; Phillips et al. 1978; Schreiner et al. 1980; Jones, 1980b) in fetal plasma hormone concentrations with the major effects being a fall in plasma insulin and rise in plasma glucagon, adrenaline, ACTH and cortisol (Fig. I) There is a sharp fall in insulin, cortisol, T, and prolactin and a very large increase in I 86 glucagon. Whether these differences in endocrine response produce the variety of biochemical responses outlined previously remains to be established. However, the accurate assessment of the regulation of metabolism in the fetus in response to nutritional changes requires the identification of as yet uncharacterized factors. For instance, whilst fetal plasma normally contains factors that promote cell growth and proliferation (Brinsmead & Liggons, 1979) , this does not appear to be so for plasma from nutritionally-deprived fetuses (Table 6 ). Moreover, in such conditions it appears that as yet uncharacterized inhibitory agents become evident. This is comparable to the effects of nutritional deprivation in the postnatal rat.
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Conclusions
The protected state of the fetus and the relatively meagre understanding of the regulation of its nutrient supply at present have limited the development of the detailed knowledge of the nutrition of the fetus. Umbilical balance studies have been useful but have not extended our understanding of mechanisms or of quantitative metabolism (Battaglia & Meschia, 1978; Meschia, 1982) .
Thus most studies have been largely indirect and concentrated on simple model systems such as enzyme or pathway development or on the action of specific hormones. Such studies require the accurate assessment of the functions in the fetus of the components of the model system, which may be different from those in the adult. Moreover, it is probable that many humoral factors influencing such model systems are yet to be identified.
The physiological models that have been the most useful developed so far, that cause the greatest changes in biochemical development and are additional to the conventional methods of altering dietary intake, are those involving long-term disturbances of utero-placental or umbilical circulations.
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